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(57) Abstract: A process for the preparation of compounds of formula (I) wherein Ri is unsubstituted or substituted Ci-Cgalkyl, 
^ R2, R3, Rj and R5 are each independently of the others hydrogen, unsubstituted or substituted Ci-Cgalkyl, Ci-Cg alkoxy. phenoxy or 
^ benzyloxy, or halogen, Yj and Y2 are each independently of the other hydrogen or a protecting group, or Yi and Y2 together form 
^ a protecting bridge, and Xi is hydrogen, an organic radical or a cation, in which process a compound of formula (TI) wherein Ri 
^ R2 R3, Ri and R5 are as defined above and Zi is a leaving group, is reacted, in the presence of a catalyticaJly effective amount of a 

palladium catalyst, with a compound of formula (HI) wherein R^ is hydrogen, bromine, chlorine, iodine, -OSO2CF3, -COCI, .B(0H)2 
Q or a mono- or di-ester derived from -B(0H)2, Y3 and Y4 are each a protecting group, or Y3 and Y4 together forai a protecting bridge. 
^ and Xi is as defined above, to form a compound of foimula (IV) and if desired the radicals Y3 and Y4 arc converted into the radicals 

Yi and Y2 where Yi and Y2 are hydrogen. 
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Process for the prapgrfl^n n of indole rfflriw«^t[ wQ 



The present invention relates to a process for the preparation of indole derivatives and to 
novel intennediates. 

indole derivatives of the following formula (1.) are loiown as phamiaceutlcal active 
ingredients (e.g. from US.A-4 739 073) or are important precursors in the preparation 
thereof. An Important indole derivative Is fluvastatin. an HiVIG-CoA reductase inhibitor, that is 
to say an inhibitor of the biosynthesis of cholesterol, which is used in the treatment of' 
hyperlipoprotelnaemia and arteriosclerosis. 

Known processes for the preparation of indole compounds of fomiula (1) do not in all cases 
meet the requirements in temris of the yield and economic viability of the processes. 

The problem underlying the present Application is accordingly to provide a new process for 
the preparation of Indole compounds of fomiula (1 ). by means of which those compounds 
can be obtained in as high a yield as possible combined with good economic viability. 

The subject matter of the present Invention is accordingly a process for the preparation of 
compounds of formula 




(1). 



o-x, 

wherein R, is unsubstituted or substituted Ci-Caaikyl. 

R2. Ra. R4 and R5 are each independently of the others hydrogen, unsubstituted or 
substituted C-Caalkyi, C-Caalkoxy. phenoxy or benzyloxy. or halogen. 
Yi and Ya are each independently of the other hydrogen or a protecting group, or Y, and Y 
together form a protecting bridge, and 
Xi is hydrogen, an organic radical or a cation, 
in which process a compound of formula 



2 
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(2). 



Wherein R,. Rj, Rg, FU and Rs are as defined above, and 
Zi is a leaving group, 

is reacted, in the presence of a catalytlcaliy effective amount of a palladium catalyst with a 
compound of formula 




Wherein Re is hyd«,gen, bromine, chlorine, iodine. -OSQ3CF3. <)OCI, -B(OH). or a mono- or 
di-ester derived from .B(0H)2. 

Y,andY.areeachaprotecting group. orY,andY.togetherfom,aprotectin^ 

Xi IS as defined above. y . anu 

to fomi a compound of formula 




(4). 



o-x, 



AS C^kyl radTcals there come into comWeratlon for R,. for example, methyl, ettwln- or 
oots^. C,^^ radroeb are preferred. R, le p^ferably piopW, espedally Isopropyl. 

me^'^'^'^"™''"'"""^'^'*"'""''^''^--'^^ 

^ heptyl „ Oct,,. The me„>to„ed alky, tadlcals may be un.ubettuted or sul»«J 
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V ,117' ""^"^ ^' V, .ogle™ o^'an, 

t'i-<-'4alKyl, ha o-substitutari r ^ ^ « ,. "-^mpie oy 

jr. '''"'*"''s"iiJteaCi<;4alkyl,C,-C4alkoxy,nitroorbvhalMan 

example, by one or two of the R radicals as defined above. 
Especially preferred as protecting bridges are radicals of fomiulae 



R7 R 

>C (5a) and V/" 



(5b), 
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wherein R7 and Ra are each independently of the other hydrogen, unsubstituted or phenyl- 
substituted Ci-Ceail<yi or phenyl, and 

R9 and Rio are each independently of the other unsubstituted or phenyl-substituted Ci-Ce- 
alkyl or phenyl, 

it being possible for each of the above-mentioned phenyl radicals to be further substituted, 
for example by Ci.C4all<yl. halo-substituted Ci-C4all<yl. CrC4alkoxy. nitro or by halogen. The 
phenyl radicals are preferably unsubstituted. 

R7 and Ra are preferably hydrogen, Ci-C4alkyl, benzyl or phenyl, especially C,-C4alkyl, 
benzyl or phenyl. R7 and Re are especially preferably methyl, tert-butyl or benzyl. 

R9 and R,o are preferably Ci-C4alky!, benzyl or phenyl, especially C,-C4alkyl or benzyl. 
R9 and Rio are especially preferably methyl, tert-butyl or benzyl. 

Prefen-ed protecting bridges are those of fonnula (5a). 

Y, and Ya are especially preferably each Independently of the other hydrogen or together 
form a radical of fonnula (5a) or (5b), especially a radical of formula (5a). 
More especially Yi and Yaare hydrogen. 

As organic radicals there come Into consideration for X,. for example, unsubstituted or 
substituted all<yl, alkenyl, alkynyl or phenyl radicals. Special mention may be made of 
unsubstituted or substituted Ci-CiaalkyI, Ca^Ciaalkenyl. CrCualkynyl or phenyl radicals. In 
the case of X, preference Is given to unsubstituted or substituted alkyi radicals, especially 
Ci-Ciaalkyi radicals and preferably C-Cealkyl radicals. An example of substituents of the 
alkyI radicals that may be mentioned is, for example, phenyl unsubstituted or further 
substituted in the phenyl ring by Ci-C4alkyl, Ci-C4alkoxy. nitro. halogen or by hydroxy. 
Examples of Xi that may be mentioned include methyl, ethyl, n- or iso-propyl, n-. Iso-, sec- or 
tert-butyl. allyl, benzyl, nitrobenzyl and hydroxybenzyl. Xi is especially preferably C,-C4alkyl. 
especially butyl and preferably tert-butyl. 

When the radical X, is a cation, the cation may be, for example, sodium or potassium, 
especially sodium. 
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Xi is preferably hydrogen, unsubstituted or phenyl-substituted Ci-CealkyI or a cation. 
Especially preferably Xi is a cation, such as sodium or potassium, especially sodium. 

Z, Is preferably bromine, chlorine, Iodine, -OSO2CF3, -COCI, -B{0H)8 or a mono- or di-ester 
derived from -B(0H)2. Especially preferably Z, is bromine, chlorine or iodine, especially 
bromine, or -B(0H)2 or a mono- or dl-ester derived from -B(0H)2. Bromine is of particular 
interest 



As mono-or di-ester derived from -B(0H)2 there come into consideration for Ra and Z, both 
cyclic and acyclic esters. Suitable mono- or di-ester derivatives of -B(0H)2 are, for example, 
those of formula -B(0R')2, where the two R' radicals may have identical or different 
meanings and are hydrogen, unsubstituted or phenyi-substituted C-Csalkyl or unsubstituted 
or substituted phenyl, or wherein the two R' radicals together fomi a Ci-Caalkylene radical. 
Examples of substituents of the phenyl radical that may be mentioned include CrC4a!I<yl, 
Ci-C4all{oxy, amino, N-mono- or N,N-di-C,-C4aikyl, halogen, hydroxy and nitro. The R' 
radicals are preferably hydrogen or C,-C4all<yl, preference being given to ethyl and especially 
methyl. It is also prefen^d that the two R' radicals together form a C,-C8alkylene radical, 
especially a C4-C8alkylene radical. An example of such an ali<yiene radical that may be ' 
mentioned is the radical of fomiula -C(CHa)rC(CH3)2-. 

Re is preferably hydrogen, bromine, chlorine or iodine, especially hydrogen or Iodine, 
preferably hydrogen. 

As compound of formula (2) there is preferably used a compound of formula 



(6), 



wherein the meanings and preferred definitions given above for Z, apply. Z, is especially 
bromine, -B(0H)2 or a mono- or dl-ester derived from -B(0H)2. preferably bromine. 

As compound of fomiula (3) there Is preferably used a compound of formula 
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wherein the meanings and preferred definitions given above for Re. R,. r, and X, apply 
Rs Is especially preferably hydrogen, bromine, chlorine or Iodine, especially hydrogen R, 
and Ra are especially preferably each independently of the other hydrogen, unsubstituted or 
Phenyl-substituted C-Cealkyl or phenyl. It is more especially preferred to use the compound 
of formula (7) together with a compound of formula (6). 

Compounds of formula (2) can be obtained, for example, by halogenating suitable 
compounds wherein Z, Is hydrogen. The halogenation can be carried out accorting to 
generally customaor methods. For brominatlon. mention may be made, for example of 
Houben-Weyl. Methoden der organischen Chemle. volume 5/4. pages 233 ff. Georg' Thieme 
Verlag. Stuttgart. 1 960. Suitable for the bromina«on are. for example, elemental bromine 
N-bromosucdnimlde. pyridinlum bromide perbromide or tdphenylphosphine dibromide. In an 
nert, preferably halogenated, solvent, such as carbon tetrachloride, chlorofom,. chloro- 
benzene or diohlorobenzene. The bromlnation is generally carried out at a temperature of 
from ^ to 25»C. in the case of N-bromosucdnimrde at about from 40 to 85'C The startina 
compounds wherein Is hydrogen are known or can be obtained analogously to known 
processes, for example the processes Indicated In US-A-4 739 073. Compounds of 
fomiula (2) wherein Z, Is -B(OH)a or a mono- or dl-ester derived from -B(OH)a can be 
Obtained analogously to known processes (e.g. starting from the compound of formula (2) 
wherein Zt is bromine). ' 

Compounds of formula (3) aro known (e.g. from US-A^ 808 621) or can be obtained 
analogously to known processes. 

AS palladium catal)«t there are preferably used Celinlc palladium con^iex compounds. 
Examples of euoh palladium caWyels mat may be mentioned Mude compounds of fom,ula 



\ (8). 
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wherein L is a neutral ligand having electron donor properties. Z Is an anionic llgand and 
D denotes substituents. and p is an Integer from zero to five and defines the number of 
substftuents on the allyl group; 
and compounds of formula 




'12 "13>, /' 




(9). 



wherein 

R11. R12. Ri,' and R«' are each independently of the othere hydrogen, C-Caalkyl C1-C4- 
alkoxy. Cs-Cecycioalkyl. C,-C.alkylcarbonyloxy. C,-C4alkoxycarbonyl, amino. N-mono-or 
N,N-di-Ci-C4alkylamino. phenyl or halogen, 

Ri3. R,4. Ria" and R,4' are each Independently of the others d-Cealkyl. Cs-Cacycloalkyi or 

unsubstituted or substituted phenyl, and 

the phenyl rings A and B are unsubstituted or substituted. 

and compounds of formula 



(10) 



wherein 

(i) Ris and R,e together with R„ and R« and R„ and R,. and together with the atoms to 
Which they are bonded, fom, an unsubstituted or substituted quinolylene ring system and 
R21 and R» are each Independently of the other hydrogen or an organic radical; or ' 
00 R,r and R, together with R„ and R«, and R. and R,. and together with the atoms to 

wh.chmey are bonded, torn, an unsubstituted or substituted naphthylene ring system, and 
Ris and R,e are each Independently of the other hydrogen or an organic radtoal; or 
(..i) R. and R,3 together with R« and R». and together with the atoms to which they are 
bonded f om, an unsubstituted or substituted phenylene ring, and R,s. R,. R, and R. are 
each independently of the others hydrogen or an organic radical- or 
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(iv) R,9 and Ra,. together with Ra, and Rgz, and together with the atoms to which they are 
bonded, fom, an unsubstituted or substituted phenylene ring, and R,s. R,,. R„ and R« are 
each independently of the others hydrogen or an organic radlcai; or 
(V) R,5 and R,6. together with R^^ and R,8. and together with the atoms to which they are 
bonded, fomi an unsubstituted or substituted phenylene ring, and R,, and R«,. together with 
R2, and and together with the atoms to which they are bonded, fomi an unsubstituted or 
substituted phenylene ring; and 
L and Z are as defined above; 

with the proviso that in cases In which R« and Ria do not fomi an unsubstituted or 
substituted qulnolylene or pyridylene ring system. R,s and R,, instead of being hydrogen or 
an organic radical, can aiso together form unsubstituted or substituted allq^lene. which forms 
a nng together with the nitrogen atom. 

L is a neutral iigand having electron donor properties. Suitable ligands are. for example 
phosphlne ligands of the tertiary phosphine type. 

A suitable tertiary phosphine preferably contains from 3 to 40. especially from 3 to 1 8. 
cartjon atoms. It preferably corresponds to the formula: 

PRa3R24R25 

" '/I 

wherein B,,. R,, and R^ are each independently of the othera Ct-C«alkyi. CrC,;Kycloalkyl 
Ca-C„heterocycloalkyl. Ce-C,san^i. CrC^araikyl or C-Csheteroafylalkyl. it being possible for 
those radicals to be substituted by substituents selected from the group consisting of 
Ci-C^alkyl. Ci-Cealkoxy. C,-CehaioaIkyl. Ce-C,earyl. -NO.. SO3-. ammonium and halogen. The 
radicals Raa and R,4 together can be unsubstituted or C,-Cealkyi-. C-Cehaloaikyl.. -NOr or 
C,-Cealkoxy-substituted tetra- or penta-methylene. which have been fused to one or two 
bivalent 1.2-phenylene radicals. R25 being as defined above. 

R«. R« and R« as C,- C^alkyl are. for example, methyl, ethyl, n- or iso-propyl or n- sec- or 
tert-butyl or straight-chain or benched pentyl. hexyl. heptyl. octyl. Isooctyl. ncnyl, tert-nonyl 
decyl,undecylordodecyl. ^ 

Raa. R« and R« as Ca-C,,cycloalkyl are. for example, cyciopropyl. dimethylcyclopropyl 
cyclobutyl. cyclopentyl or cyclohexyl. 
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^. R» and as CVCheterocydoalM preferaty contain 4 or S cart>on aom, «,d one or 
<^ he,aro a,»s .rom me „oup O, S and K Exan^e, ,„cud, e^,„^ ^ J"' " 
torn ox,mna, azldna, 1,2-oxathlolane, pyrazoUne. pynoMlne, p»«Mne, piperazin, 
morpholina, telrahydrofuran and tetrahydrolWophens. 

^ R« and as CrC^ry, a«, ,or example, mono-, bl- o, «^ ..g. phen,,, „ap,^ 

indenyl, azulenyl or anthryl. « r ciH'i"«yi, 

R=. Fl„ and R„ as CrCrfietsroa^alkyl a™ preferably such radicals that are, as hete«»,vl 
~ or ^ to a fcnner heterooyde or to an a,^ .dlcal. e.,. phen,, »d 
«^ or^e or two, m the case of nitrogen up to four, hstero atoms from the g^p o S 1 
N. E^mple, of «.ch heteroaryl radicals *at may be menUoned Include: furan .hlX 
»™le. P^e, blp,dd»,e, picoMlmlne, ^pyran, ^«opyran, phenanth„,„a, pyH^Z' 
b^l-ntdlne, Wo^, .hlonaphthene, carbazole, dIbenzofuL 

^"^n^^hene. pyrazole. Imidazole, benzlmldazde, oxazole, thiazole, dlthlazde' 
■aoxazde, IsolWazole, quhdlne, leoqulnollne, acHdIne, chn>mene, phenazlne phenoxazine 

preferably of the mentioned hete«»=ycl,s which substitute, for example, c^^alkyl radicals 
2;-,o„*elenj^o,thecaHx»,c^ 

a«ematlvely in the ad|acent position (l^oslBon) or In the a-posiHon (2^„, 

1 or^„r "^"^ '^"^ ^ '» oart»n atoms, e.g. benzyl 

1-or2-phenethylorclnnamyl. y-u«n2yi, 

Prefects also flh«n to stertc^^ dema,«„, rascals R^ R« and R., for example cydte 
orbranched, especally a,o«,b,anched, and more espsotei^ branched, alKylgioups 

Special preference Is slven to those compounds (8) or (10) in Which H, R «„rtB 
".ethyl, e*y,,.or^..,^,.ao-ort«..tL,,.:X'^^ 

AS organte group there comes Into consideration for the subsHtuent. of th, compound of 
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above for 1^ and R,,. Examples of subslftuenls of such radteals thai h. 
ln*d,: C,-C.a^,, ,a^subs«.u.ed 0,^^,^. .or example III*!? C I 
«pecW^phen,or„aphm^<Cvc„a,y.,sspscta,Vphe„^„r„aphrt^;^r^^, , , 

OrC^xs,, C^^alRanoyloxy, C,-C^,kanoyl, amino, N^,^^kytemlno. N N^w c 
N.pheny^O,^,a»<,am,no, KU^l.(^,.o^^_ '^^^^^ 
ty^^ C-CalM. .0, example w,uc™me<hy,, s^^. ^ „ 
Mraxy, CKJ^toxy. phenyK!.<:^oxy. C<>.all<anoyloxy, amino 

C,-0.alkanos„amlno, ca^amoyl-C-C^ilkoxy. N.O,<:.alkylca*amoyl-C^IL ^' ^ 

C,^4*y.ca*a™,l^,0^k„xy. amino, mono- o,di<;,.o.<,wiamlH^^ 

«^n.c.M™or^lne,oa^,0...al.ox^,^:Z~^^^ 
Ci^.alta^rt»x,y,,fo,«a„^ebenzyloxyoarbonyl,o.^^»^ J„ W orflu<«„j^ 

a^esu^on,. example mel^anesuKonW (0.^8(0,.,, phosp/. X^H, ) 
0,-C^amo,., -amo,. mon.ord|.0,^^^„,„^, nloand^ 
As C-C^llqK p,efe«nce Is given to 0,-O.alM. espedally o,.0,alkyl As ^.,„„,. , 

.o.,«.jpos.:;:rrr:::r::rj:7r-'-^ 

As unsubanuted o, substiMad .^Inolylene rtng system m fbm„Ja (10) there comes ln,» 

:rr::rs:z*""^-^'^^-^*-'°--'-^^^^^ 

As unsubstituted or substituted pyridylene ring system In formula (m th.™ 

As unsubsHtuted or subsHtutsd naphthylene ring system In foraiula rto> H,.r. 
~n,,„axamp,e.anapht,^.,,3.er.gUm;r:riI.r: 
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indicated above for the organic radicals. Preference is given to the corresponding 
unsubstituted ring systems. 

As unsubstituted or substituted phenylene in fonnula (lo) there comes Into consideration for 
example, ortho-phenylene. which may be substituted as indicated above for the organic ' 
radicals. Preference Is given to the corresponding unsubstituted phenylene. 

in cases In which R,8 and R« do not fom, an unsubstituted or substituted quinolylene or 
pyrtdylene ring system and R« and R,e. Instead of being hydrogen or an organic radical can 
also together fom, unsubstituted or substituted alkylene. which fomis a ring together with the 
nitrogen atom, the alkylene Is preferably C^salkylene. especially Ca-Cealkylene and 
preferably pentamethylene (in which case a piperidlne ring Is fonned), 

An anionic llgand Is. for example, the hydride Ion (If), or a llgand derived, for example, from 
Inorganic or organic adds by ramoval of p«,tons. e.g. halldes (F. CP. Br" and i") or anions of 
oxyaclds or derivatives thereof, for example SnCI,'. SnCIs . BF,'. B(arylV. PFe. SbFe' or AsFe 

Arsons of oxyaclds are. for example, sutfate. phosphate, perchlorate. perbromate. periodate 
antimonate. arsenate, nitrate, carbonate, the anion of a C^scarboxync acid, for example ' 
fomiate. acetate, propionate, butyrate. benzoate. phenylacetate. mono-.-dl- ortri^hloro- or 
-fluoro-acetate. sulfonates, for example mesylate, ethanesulfonate. propanesulfonate n- 
butanesulfonate. trifiuoromethanesulfonate (triflate). unsubstituted or C.C4alky|. CrC- 
alkoxy- or halo-substituted, especially fluoro-. chlonj- or bromo^ubstltuted; benzene- 
sulfonate or p-toluenesulfonate. e.g. benzenesulfonate. tosylate. p-methoxy- orp-ethoxy- 
benzenesulfonate. pentafluorobenzenesulfonate or 2.4.6.trilsopropylben2ene8ulfonate. 

Especially preferred anionic iigands are H". F. CP. Br'. BF,; PF,; SnCI/, SbF,'. AsFe 
CF3SO3 CeH.-S03-, 4-methyl.CeH.sO3-. 3.5KJimethyl-CeHrSQ3-. 2.4.6-trimethyl-CeH,^Q,- 
and 4^F3-CeHs-S03-, acetate and cyclopentadienyl (Cp^. Special preference is given to 
acetate. CI , Br or r. Acetate Is more especially preferred. 

Suitable substltuents D remain unchanged under the conditions of the coupling reac«ons 
The substltuents may be selected as desired. Suitable substltuents D are selected from the 



wo 03/018SSS 



PCT/EP02/09046 



12 



group of functional groups or derivatlsed functional groups consisting of amino. C,.C4alkyl- 
amino. C,-C4dialkylamino. hydroxy, oxo. tiilo. -NO., carboxy. carbamoyl, sulfo. sulfamoyi 
ammonio. amidino. cyano. formylamino. formamido and halogen or are saturated or 
unsaturated, aliphatic, cycloaliphatic or heterocycloaliphatic radicals, carbocycllc or 
heterocyclic aryl radicals, fused carbocycllc. heterocyclic or carbocyclic-hetemcycllc radicals 
Which may in turn be combined as desired witi, further of those radicals and substituted by ' 
the mentioned functional groups or derivatised functional groups. 

The mentioned substituents and radicals may also be interrupted by one or more bivalent 
radicals from tfie group -O-. -S-. <;(=0)-0-. .0-C(=0)-. -C(=0)-N(C,-C.alkyl). 
-N(C,-C.alkyl)-C(=0), -S(=0)-. .S(=0),, -S(=0)-0-. -S(=0).-0-. -O.S(=0).. .0-S(=0).. 
-S(=0).N(Ci-C4alkyl)-. -S(=0)a-N(C,-C4alkyl).. -(C,-C4alkyl)N-S(=0)- 
-(C,.C4.alkyl)N-S(=0)^. .p(=o)-. -P(=0)-0.. O.P(=0). and -0-P(=0)0.. 

As aliphatic radicals there come Into consideration for D. for example, tiie radicals 
mentioned above for R15. R,8 and R17 as C-Caoall^yi. 

As cycloaliphatic radicals there come into conside.^tion for D. for example, the radicals 
mentioned above for R,5, R,e and n„ as CrCiacycloalkyl. 

As heterocycloaliphatic radicals tiiere come into consideration for D. for example ttie 
radicals mentioned above for R,,. n,, and R,, as (VCnheterocycloalkyl. 

AS carbocycllc or heterocyclic aryl radicals there come into consideration for D. for example 
tile radicals mentioned above for R,, R. and R. as CCea^. cCearal^ and C-cJ ' 
heteroarylall<yl. ^ '° 

be'slZtr '""^ <*^- ™y 

be substituted as indicated above. 

Preferably ttie index p has tiie values 0. 1 or 2, especially 0. 

ilTrH?? """" "^^^'"^ ^"'^'^-"^ - «"y' group are 

Illustrated by the following structural formulae: 
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H0--<7--p^ 
CO,Me 







C02Me 



and 





i~4 



(CHj),COjMe 




Wherein 2 a™, l are as defined and are preferably l,lo«,hexylp(»sphlne or 
mrscrop^oycophosphlne and h^gen. tor example chlcrtneZmL Jl. 

The substaentt of the allyl group may, ho«Bver, also be bonded w«, one anolher to ,„ 
PoM>udearbr««edcon,plexeeaoco,dlngto<he.o«owhgs.ruoJ^ '''^^ 
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Prelerenc, Is fliven ,o olefhic palladium comptex oompoun* (8, 
l^^ntofta compounds Of (onnula (8) ««, also come .«oeo,»ld«a^ 



X - °p (8a). 

wherelnthemeanlngsandpreferreddefinltionsgivenaboveforD.^ 

or can be obtained analogously to known palladium catalysts. 



Examples of substltuents of the phenvl rinaa A anri r «f 

pnenyi nngs a and B of the compounds of fomiula {<i\ that 

*^su^U.a„..p^e«™els^.O,^^.0^„,^, 

n...R»Rn'andR,,'a,ep«fcrablyeacl,lndopendentlyoftheolhorahvd,caen C 
CrCcjdoalkyl, such as cydohexyl, or phenyl. « hydrogen. C,-C^|, 

C^cll? n T °™ "^^'^ mdepehdehtly of the dhers C^^alkyl especiallv 
0,^..M,C^^K,,uchasc,c.ohs^,c,„nsuhs«u.^ 



wo 03/018555 



15 



PCT/EP02/09046 



Palladium catalysts of formula (9) are known (e.g. from EP-A^ 690 046) or can be obtained 
analogously to known palladium catalysts. 

Suitable palladium complex compounds of fomiula (10) are illustrated by the following 
structural formula: 




wherein the meanings and prefen-ed definitions given above for R,s. Rie. Z and L apply m 

*.c«e fomiulae preferably R« and R.e are C,-C^.kyl. espeda^^^ 
P(lsopropyi)3andZisOAc. 

in addition to the compounds of fomiula (1 0) there also come into consideration those of 
formula 




(12) 



Wherein for the substituents the meanings and preferred definitions given above apply. 

The compounds of fomiula (12) are added together with the iigand. the palladium complex 
being fomied in situ. 



Special preference is given to suitable compounds of formula 



(13). 



The compounds of fomiula (1 0) can be obtained analogously to known processes. For 
example, they may be obtained by the reaction of a compound of fomiula 
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Wherein the substftuents are as defined above, 
with a palladium salt of fomiula 



Pd(Z)2 

(15). 

wherein 2 Is as defined above, in a suitable solvent, especially a haiogenated. preferably 
chlonriated. hydrocarbon, preference being given to C,-C.alkylhalides. such as chloroform or 
methylene chloride, at a temperature of. for example, irom 0 to 50oc. especially from 20 to 
30 C. and Isolation of the resulting complex (generally, especially in the case when Z is 
P.-C4alkylcarbonyI. a dimeric compound of formula (12) bridged by way of Z Is obtained) 
The resulting compound can then be reacted with a ligand 



(16). 

Wherein the meanings given above apply, optionally directly in situ ln the reaction mixture 
used for the catalysis. The reaction Is carried out In a suitable solvent, for example an ether 
suchaste.^^^^^^^ 

to 30 C. The resulting complex can then be used either directly or after isolation. 

The stamng materials for the prepa,^^^ 
be obtained analogously to known processes. 

As palladium catalysts special preference is given to those of formulae (8). (8a). (10) and 
02)^ep,,ythoseoffo^^^^^ 
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■n« reaalon condLlo™ ,or *e coupling «a«lon, o. *e „^n<ls of fon^ula (2) w«, 
*oso 0^ fomuta (3) a« deserted In me ,„e«ta« and,.«™.po„d to fte «.otl«, concWon, 
known for totalled SuzuM and Hock coupBnoreacllcne. n«»W*ons 

The p^oess acoomng to the invention ce„ be oanied out by using either t.« compou«l of 
fom-ula (2) or the compound of formula (3, ae InW cha„e, o, by l«™auchg bJT 

compounds. ^^^^^ui 

The tern -catalyBo amou«- preferably means an amount of about from 0.0001 to 15 mol% 
esp^^from 0.01 to ,0 mol% and more eepeoW^,„„ o.1 to lOnm, based 
amount of substrate used. <«>ooonine 

TZT " '=°'""«"9 ^^^-^ <* compounds of 

^lT'°''T'°^°''°™"'^<'''^«^"^'^"''"'^»™9a.romo.5:1 tovio a 
-ato ,njh, ranse f™, OAI ,o 1:5 being prefer^d. A mtb of from 1 :1 to 1 -2 is esp^l 

^e™* The ^^.onls earned ou. « a .empe^ture «nging from ^ o^Z^L 
^ng .«pe«u,B of th, solvent, especta«y ,„m ^m temperature up to the 
^^P««u,e C the so^en, (reflux condWon.,. Reference is given to temperatur , from 25 
•0 170^, eapeda^rf^n 50 to 150^ and p^fe^bly f™. 100 to ,50-c Sultat^T^rnr 
-customa,y.esp,c«y,e^t^e^„,,^„,.^„^,,„^^^,^^^^^^ 

*.a,nal.le «actton product can be up and fsolat^l In a manner Known^r 
ZZ^^ "'''^^ *™<"^«*^^. P-O^'^ Saa Chroma- 

subsequent to the preparation of the compound of formula (4). 
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The hydrolysis can be carried out. for example, by conventional basic hydrolysis of the 
esters. For that purpose, the compound of formula (4) is treated with about one mole of an 
norganic base for example an alkali metal hydroxide, e.g. potassium hydroxi'de or especially 
sod.um hydrox.de. in a mixture Of water and a water-miscib^^ 

ower alcohol or an ether, such as methanol, ethanol or tetrahyd«>furan. at a temperatl of 
for exar^p le f rom 0 to 80-C. It is also possible to carry out the operation v^'th slightly less ' 
than a stoichiometric amount of base and then to remove the excess ester by means of 
extraction with an organic solvent that is not miscible Mh water, e.g. tert-butyl methyl ether 

rr r "^^^ ^° -ster can also be ' 

hydrolysed In an acidic medium, it being possible for that hydrolysis to be carried out 
according to processes known perse. Hydrolysis is preferably carried out. preferably using 
sodium hydroxide, subsequent to the preparation of the compound of fomiula (4). 

0 «^ula(1)canbeobtalnedl^^ 

pure compounds. Stereolsomerically pu,. compounds are to be understood here and 

sir " T'""""" '""^ P-^--b'/ 90%. pure 

Suchcompoundsareespeciallyprefe,Bblyatleast95%.prefe.^bly97.5o/,andmore " 
especially 99% In stereolsomerically pure form. 

For example, when corresponding stereofeomerically pure compounds of formula (3) are 

uedco^poundsofformuMl^^ 

configuration given below: 



1" 



(la). 



o-x, 
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Further stereoisomers that may be mentioned Include those of the corresponding (3R 5R) 
(3S,5S) and (3S.6R) configurations. ' 

When a racemate is used as compound of formula (3). separation of the racemate can also 
be effected subsequent to the preparation of the compound of fonnula (1). The racemate 
can be separated into the optically pure antipodes, for example, by known processes for 
separating enantlomers. for example by means of preparative chromatography on chlral 
supports (HPLC) or by esteriflcation and crystallisation with optically pure preclpltants e g 
with D -(-) or L -(.).mandellc add or (+)- or (-)-10-camphorsulfonlc acid. 

The present Invention relates also to compounds of fomiula 




amaV, 



Wherein for R- the meanings and preferred definitions given above apply. TJie two R' radicals 
preferably have Mentloal or different meanings and are hydmgen, unsubsWuted or phenyl 
eubst^uted C,<^ or uneubstituted or e^stMed phenyl, or the two R' radicals togetLr 
fomn a C-Gialkylene radical. '"gemer 

AS e»mple. of subetltuenls of the phenyl radical there may be mentioned C-C^kyi, c,^,- 
otZ'r!!; "'^ " N.^K^C.■C.alM. Naiogen, hydro:^ and nit™. T„, r- ratals ara 
P.e^«ably hydrogen, benzyl o, C,<;^i, preference being given to ethyl or eepecielly 

ZIT^'TT" alMene radtea. there may be 

mentioned the radical of fomiula -^(CHaVCCCHaV. 

The present Invention relates also to compounds of formula 

.-^XXi,_, '''' 
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Wherein for R^, Rg and Xi the meanings and prefen-ed definitions given above apply. R7 and 
Ra are especially each independently of the other hydrogen, unsubstituted or phenyl- 
substituted C-Cealkyi or phenyl, especially C,-C4alkyl or benzyl, preferably CrC4alkyl X, is 
preferably CrC4alkyl. 



The following Examples illustrate the invention: 
Example 1: 

2-Bromo-3-(4-fluoro-phenyl)-1-l8opropyi-lH-indole 





20 g (78.95 mmol) of 3-(4-fluoro-phenyl).l-lsopropyl-1H-lndole. 200 ml of THF and 200 ml of 
chlorobenzene are introduced Into a 1 .5 litre sulfonating flask equipped with an anchor 
stirrer, thermometer and nitrogen supply, and the mixture is cooled to S'C with stirring. 
26.58 g (78.95 mmol) of pyridinium bromide perbromide are then added, and stirring Is 

caniedoutfor1.25hoursat3°C.-niereafter,inthecourseof10minutes.680gofa 
5% sodium hydrogen carbonate solution are added dropwise. The phases are separated and 
the aqueous phase Is extracted three times with 150 ml of chlorobenzene. The combined 
organic phases are washed twice with 340 ml of 5% sodium hydrogen carbonate solution 
and tw,ce with 220 ml of water, dried over magnesium sulfate, filtered and concentrated by 
evaporation. The brown residue Is dissolved in 125 ml of methylene chloride; 125 ml of 94% 
ethanol are added, and the methylene chloride is distilled off at nomial pressure The 
solution Is cooled slowly to room temperature, and then to 3°C. and the precipitate is filtered 
off. washed three times with 10 ml of Ice-cold 94% ethanol and dried overnight at RT/125 T 
Beige crystals are obtained having a melting point of from 1 1 0 to 1 1 1 .5'C Elemental 
analysis: found 4.95% H; 61 .23 % C; 4.04% N; 22.9% Br; 5.67% F. Theory 4 55% H- 
61 .46% C: 4.22% N; 24.05% Bn 5.72% F. 

Examplfl 9; 

1-lsopropyl-3.(4.fluorophenyl).2.(4.4.5.5-tetramethyKl.3.2]dloxaborolan.2-yl)-iH^^^ 
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5.5 ml of a 1 .6M solution of n-butyllithium in hexane era added, at a temperature of -7^-0, to 
a soiution of the above indole bromide (2.65 g) in 60 ml of a mixture of dry tetrahydro- 
furan/diethyl ether (ratio by volume 1 :1). Stining is carried out at a temperature of -78»C for 
15 minutes. A solution of 2-ethoxy.4.4,5.5-tetramethy|.1 .3.2.dloxaborolane (2.4 ml) in diethyl 
ether (2 mi) is then added. The reaction mixture is heated to room temperature in the course 
of about 2.5 hours and then diluted with diethyl ether. The organic phase is washed with 
saturated sodium chloride solution, dried over NaaSO* and is then concentrated by 
evaporation. The desired product is obtained in the form of yellowish crystals (3.0 g 100%) 
'H-NMR (CDCIa): 1.27 (s. 12 H); 1.69 (d. J = 7.0. 6 H); 5.08-5.20 (m. 1 H); 7.05-7.12 (m. 
3 H): 7.21-7.26 (m, 1 H); 7.44-7.49 (m, 2 H); 7.55-7.61 (m. 2 H). 

Example 3; 

(4R.6S)-3-I6-(2-lodo-vinyl)-2.2-dimethyi-[1,3]dioxan-4-yl].acetic add tert-butyl ester 

A solution of the above aldehyde (990 mg) and CH\, (2.26 g) in tetrahydrofuran (18 ml) is 
added at a temperature of 0»C. under argon, to a suspension of dry CrC\, (2.83 g) in dry 
tetrahydrofuran (36 ml). The reaction mbctura is stirred at room temperature for 16 hours. 
The reaction Is then stopped by the addition of water and extraction is carried out with diethyl 
ether. The organic phase Is washed with saturated sodium chloride solution and dried over 
NaaSO*. and the solvent Is removed under reduced pressure. The crude product is purified 
by chromatography (hexane/ AcOethyl 1:1). The vinyl iodide (470 mg. 32%) is obtained in 
the form of a yellow oil (7:3 ratio of E/Z). 

^H-NMR (CDCI3): 1.21-1.39 (m. IH); 1.40 (s. -3 H); 1.44 (s. 6.3 H); 1.45 (s. -3 H); 1.46 (s 
2.7 H): 1.53 (s. 0.3 H): 1.56-1.78 (m. 1 H); 2.29 (dd. J = 15.4. 6.3. 0.7 H); 2.32 (dd. J = 15 o' 
6.2. 0.3 H): 2.44 (dd. J = 15.3. 7.1. 1 H); 4.21-4.38 (m. ~2 H); 6.23 (dd. J = 7.3. 7,3. 0.3 h' 
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Z); 6.34 (dd. J - 7.9. 0.9. 0.3 H. Z); 6.39 (dd. J = 14.7. 0.9. 0.7 H. E); 6.52 (dd. J - 14.7. 5.6. 
0.7 H, E). 



Example 4: 



[4R,6SH6-[2-(1-lsopropyl-3-{4-fluorophenyl)-1H-lndol-^^^^ 
yl}-acetic acid tert-butyl ester 





water (6 ml). K3PO4 (427 mg) and Pd(dppf)Cla (18 mg) [dppf = 1.r-bis(dlphenyIphosphino)- 
f errocene] are added to a solution of the boronate (303 mg) and vinyl iodide (458 mg) .n 
dlmethoxyethane (6 ml). The reaction mbcture is stirred under argon at a temperature of 
60°C for 40 hours. After cooling to room temperature, the reaction mixture is poured into . 
water and extracted with AcOethyl. The combined organic phases are washed with saturated 
sodium Chloride solution, dried over NaaS04and concentrated. The crude product is purified 
by chromatography (hexane / AcOelhyi, 5:1). The desired product (235 mg. 46%) is obtained 
in the form of a yellowish foam (7:3 ratio of E/Z). 

'H-NMR (CDCI3): 1.43 (s. 3 H); 1.46 (s, 9 H); 1.51 (s, 3 H); 1.55-1.63 (m. 2 H); 1 .67 (d. J = 
7.0. 6 H); 2.04 (dd. J = 15.0. 5.0. 0.3 H); 2.20 (dd. J = 15.0. 7.8. 0.3 H); 2.31 (dd. J = 15.4. 
6.2. 0.7 H); 2.46 (dd. J = 155. 7.0. 0.7 H); 3.78-3.89 (m. 0.3 H); 4.18-4.34 (m, 1 H); 4.43- 
4 48 (m. 0.7 H); 4.68^.80 (m. 0.3 H); 4.78-4.90 (m. 0.7 H); 5.67 (dd. J = 16.4. 5.9. 0.7 H); 
5.74 (dd. J = 11.4. 8.2. 0.3 H); 6.53 (d. J = 11.1. 0.3 H); 6.62 (d. J = 16.1. 0.7 H); 7.04-7.23 
(m, 4 H): 7.37-7.46 (m. 2 H); 7.52-7.56 (m. 1.4 H); 7.67 (d. J = 8.0. 0.6 H). 
Examples 5-16: 

In the following Examples, reference is made to the following compounds: 
a) Starting materials 
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V Ri B2 



B 



Compound A1: X = Br 
Compound A2: X s B[OC(CH3)8C(CH3)20] 
Compound B1 : R, = = CH,; Rg = 0^)3; Y = H 
Compound B2: R, = R, = CH,; R3 = C{CH,U Y = I 

b) Palladium catalysts 




D 

CompoundCl: R, = Ra = CH3: X = OAc 
CompoundDl: R, = = CH3; X = OAc; L = P(phenyi)3 
CompoundEl: X=:Br;L=P(lsopropyl)3 

OompoundFl: dppf = l.r.bls(dlphenylpHosphino)fer^^^^^^ (commercially obtainable from 
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General process procedure: 

Compound A (1 molar equlvalon.) and compound B (1^ molar equivalents, ba«d on 

Tables 1(a) to 1(o). The base and the palladium oatalyst a« also added thereto The 
reaotomMure Is heated to the temperature sho™, ht^^ 

■ndto^tsd, the conversion a.Kl the yield are de.em.ned by means of HPLC. l^e resulTaL 
|-|on»^.on^ 



Generally used abbreviations: 
Ac: acetyl 

DMF: dimethylformamide 
NMP: N-methylpym)lldone 
DME: dlmetho;<yethane 
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Table ^(a^ 



Example 


5 


6 


7 


8 


Compound A 


A1 


A1 


A1 


A1 


Compound B 


B1 


B1 


B1 


B1 


Palladium catalyst 
(moi% Pd. based on 
compound A) 


D1 (1) 


D1 (1) 


01(1) 


Did) 


Base (molar eauivalent 
based on compound A) 




INaUAC (l.l) 


K pl\AaIoate 
(1.1) 


K propionate 
(1.1) 


Solvent 


DMF 


DMF 


DMF 


DMF 


Reaction temperature 


140''C 


140"'C 


140X 


HO'C 


Reaction time 


16 hours 


16 hours 


16 hours 


16 hours 


Conversion, based on 
compound A) 


100% 


48% 


94% 


94% 


Yield 


68% 


33% 


62% 


62% 



Table l/b^ 



Example 


9 


10 


11 


12 


Compound A 


A1 


A1 


A1 


A1 


Compound B 


B1 


B1 


B1 


B1 


Palladium catalyst 
(mol% Pd, based on 
compound A) 


01(1) + 
P(n-butyl)3(2) 


01(1) + 

P(cyclohexyl)3 

(2) 


01(1) + 

P(isoprop^)3 

(2) 


01(1) + 
P(phenyl)3(2) 


Base (molar equivalent, 
based on compound A) 


KOAc(l.l) 


KOAc(l.l) 


KOAc(l.l) 


KOAc(l.l) 


Solvent 


DMF 


DMF 


DMF 


DMF 


Reaction temperature 


140»C 


140»0 


140»C 


.140°C 


Reaction time 


3 hours 


3 hours 


3 hours 


3 hours 


Conversion, based on 
compound A) 


60% 


62% 


55% 


84% 


Yield 


47% 


48% 


38% 


46% 


Note: 


catalyst is 
prepared in 
situ 


catalyst is 
prepared in 
situ 


catalyst is 
prepared in 
situ 


catalyst Is 
prepared in 
situ 
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Table 1(c^ 



Example 


13 


14 


15 


16 


Compound A 


A1 


A1 


A1 


A2 


Compound B 


B1 


B1 


B1 


B2 


Palladium catalyst 
(mol% Pd, based on 
compound A) 


D1 (1) 


D1 (1) 


El (1) 


F1 (2.5) 


Base (molar equivalent, 
based on oomoound A) 


K0Ac(1.1) 


KOAc (1.1) 


KOAc (1.1) 


K3P04(2.5) 


Solvent 


NMP 


NMP 


NMP 


DME/H2O in a 
ratio by 
volume of 1:1 


Reaction temperature 


140''C 


200°C 


200''C 


60»C 


Reaction time 


18 hours 


1 hour 


1 hour 


40 hours 


Conversion, based on 
compound A) 


94% 


96% 


96% 


98% 


Yield 


62% 


75% 


75% 


46% 



Example 17 

Erythro-(±)-E-7-[3-(4-fluoro-phenyi).1-isopropyl-1H-lndol-2-yn.3,5-dihydroxy4iept-^^^^ 
acidtert-butyl ester 





In a 5 ml round-bottomed flask. 0.1 g of erythro-(±)-E.(6-{2-[3-(4.fluoro-phenyi).l.isopropyi. 
1H.indol-2-yl].vinyl}-2.2-dlmethyl-[1.3]dloxan-4-yl).acetic acidtert-butyl ester and 8 mg of 
pyridinium p-toluenesulfonate are dissolved in 1.5 ml of acetonitrile; 0.1 ml of water is added 
and the clear solution is stirred at room temperature for 24 hours. The reaction mixture is 
then diluted with ethyl acetate, washed twice with saturated sodium chloride solution, dried 
over magnesium sulfate and concentrated by evaporation. 0.1 g of a beige solid is obtained, 
which, according to TLC, HPLC and NMR. corresponds to the product prepared as reference 
in the form of the tert-butyl ester analogousiy to US 4 739 073, Example 5. 
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Example 18 

Etythro-(±)-(E).7-[3-(4-fluoro.phenyl).1.|sopropyl-imndol-2.yl]^,^^^^ 
sodium salt 





In a 10 ml three-necked round-bottomed flask equipped with a magnetic stirrer, 
thermometer, septum, syringe and nitrogen supply, 0.49 g of erythro-(±).E.7.[3^(4.fluoro- 
phenyl)-l.isopropy|.iH-indol-2-yl].3,5-dlhydiX)xy-hept.6-enote add tert^jutyl ester Is 
hydrolysed according to O. Tempkin, Tetrahedron 21 10659 (1997). there being obtained 
0.35 g (77% of the theory) of a pale beige powder, the NMR of which corresponds to that of 
the commercial product 



Preparation examplB for nallflr lium catalys^; 




0.67 g of N.N-dlmethylbenzylamine is slowly added to a solution of 1 g of Pd(0Ac)2 In 30 ml 
of chlorofomi. The reaction mixture is stirred for 2 hours and then filtered (sllfca). The 
resulting yellow solution is concentrated In vacuo and the resulting oil is suspended In a few 
ml of hexane. The yellow suspension is centrifuged and the resulting yellow powder Is dried 
in vacuo. The compound of the symbolic formula 




Is obtained in quantitative yield. That dimer is dissolved In 1 0 ml of tetrahydrofuran and 
1 equivalent of triphenylphosphine is added. The reaction mixture Is then stirred for 1 hour. 
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The resulting suspension is concentrated In vacuo and the white powder is washed with 
hexane. The desired product is obtained in a 90% yield in the form of a yellowish powder 
H NMR (5 in CDCia): 7.75 and 7.35 (2m. 15. PPhs); 6.93 (d). 6.8 (t). 6.34 (m) (4. aromaflc 
H); 4.02 (d. 2.06 Hz. 2. CH.N); 2.79 (d. 2.34 Hz. 6. NMe^); 1.27 (s. 3. OAc) 
''PNMR(8inCDCl3);43 

For preparation, see also Ryabov etal. in J. Chem. Soc. Perkin Trans. 1983. pages 1503- 
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What is claimed js; 



1 . A process for the preparation of a compound of formula 




(1). 



o-x, 



wherein Ri Is unsubstltuted or substituted d-Caalkyl, 

Ra, Ra, R4 and Rs are each Independently of the others hydrogen, unsubstltuted or 

substituted Ci-Csalkyl. C-Cealkoxy, phenoxy or benzyloxy. or halogen, 

Y, and Yj are each Independently of the other hydrogen or a protecting group, or Y, and Ya 

together form a protecting bridge, and 

Xi is hydrogen, an organic radical or a cation, 

In which process a compound of fontiula 



wherein Ri , Ra, R3, R4 and Rg are as defined above, and 

Zi is a leaving group, 

is reacted, in the presence of a catalytically effective amount of a palladium catalyst, with a 
compound of formula 



wherein Re Is hydrogen, bromine, chlorine. Iodine, -OSOaCFa, -COCI. -B(OH)2 or a mono- < 
dl-ester derived from -B(OH)2. 

Y3 and Y4 are each a protecting group, or Y3 and Y4 together fomi a protecting bridge, and 
Xi Is as defined above, 




(2). 




(3). 



to f orni a compound of formula 
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(4), 



O-X, 



and if desired the radicals Ya and Y4 are converted into the radicals Y, and Ya where Y, and 
Y2 are hydrogen. 

2. A process according to dalm 1 , wherein Ri Is isopropyl. 

3. A process according to either claim 1 or claim 2, wherein 

Ra, R3 and Rgare hydrogen and R4 is fluorine bonded In the 4-posttlon. 

4. A process according to any one of claims 1 to 3, wherein 

Yi and Ya are each Independently of the other hydrogen. Ci-C^alkylcarbonyl or a sliyi radical 
or Yi and Ya together forni an unsubstltuted or substituted alkylene or silyl radical. 

5. A process according to any one of claims 1 to 4, wherein 

Y, and Ya are each Independently of the other hydrogen or together fomi a radical of fomiula 



c: (5a) or ^sf"^'" 



;sr (5b) 



wherein 

R7 and Rs are each Independently of the other hydrogen, unsubstltuted or phenyi-substltuted 
Ci-CealkyI or phenyl, and 

R9 and R,o are each independently of the other unsubstltuted or phenyl-substituted d-Ce- 
alkyl or phenyl. 

6. A process according to any one of c^ms 1 to 5, wherein 

Xi is hydrogen, unsubstltuted or phenyl-substituted C-CealkyI or a cation. 

7. A process according to any one of claims 1 to 6, wherein 
Xi is a cation, especially sodium. 
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8. A process according to any one of claims 1 to 7, wherein 

Re is hydrogen, bromine, chlorine or Iodine, especially iodine or hydrogen. 

9. A process according to any one of claims 1 to 8, wherein 

Z, is bromine, chlorine, iodine, -OSOaCFa. -COCI. -B(0H)2 or a mono- or di-ester derived 
from -B{0H)8, especially bromine, -B(OH)a or a mono- or dl-ester derived from -B(OH)a. 

10. A process according to any one of claims 1 to 8. wherein as compound of formula (2) 
there Is used a compound of formula 




(6). 



CH(CHJ, 



Wherein 2, is bromine, -B(0H)2 or a mono- or dl-ester derived from -B(0H)2, and as 
compound of formula (3) there Is used a compound of formula 



V 

.A 



wherein Rs is hydrogen, bromine, chlorine or iodine, especially hydrogen or Iodine, 
Xi Is as defined for claim 1 , and 

Rr and Re are each Independently of the other hydrogen, unsubstttuted or phenyl-substituted 
Ci-CaalkyI or phenyl. 

11 . A process according to any one of claims 1 to 10. wherein there is used as palladium 
catalyst a compound of fomiula 



(D)- 



P ^-^K (8). 
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Wherein L is a neutral ligand having electron donor properties, Z is an anionic «gand and 
D denotes substituents. and p is an integer from zero to five and defines the number of 
substituents on the allyl group; 
or a compound of formula 




(9). 



wherein 

Rii. Ri2. Rii' and R,2' are each independently of the othere hydrogen, C-Csallqrl, C,-C4- 
alkoxy, Cs-Cecycloalkyl. Ci^^allcyicarbonyloxy, CrC4alkoxycart)onyl. amino, IM-mono-or 
N,N-di-Ci-C4alI<ylamino, phenyl or halogen, 

Ri3, Ri4. Ri3' and R,V are each independently of the others C-Cealltyl. CrC8cycloail<yi or 

unsubstituted or substituted phenyl, and 

the phenyl rings A and B are unsubstituted or substituted, 

or a compound of fonnuia 




FR22 
wherein 

(I) Ri5 and R,e together with R,, and R,e and R,, and R«,. and together with the atoms to 
Which they are bonded, form an unsubstituted or substituted quinolylene ring system and 
Rai and Ra, are each independently of the other hydrogen or an organic radical- or 
(li) R,7 and R,a together with R« and R« and R„ and R«. and together with the atoms to 
Which they are bonded, fom, an unsubstituted or substituted naphthylene ring system and 

R16 and R,e are each independently of the other hydrogen or an organic radical- or ' • 
(...) Ri7 and R,B together with R« and R,o, and together with the atoms to which they are 
IJonded, fom, an unsubstituted or substituted phenyiene ring, and R„. R,e, Ra, and R,, are 
each independently of the others hydrogen or an organic radical; or 
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(iv) and Rao, together with R21 and R22, and together with the atoms to which they are 
bonded, form an unsubstituted or substituted phenylene ring, and R«. Rie. R17 and R,e are 
each independently of the others hydrogen or an organic radical; or 

(v) R16 ad R,6. together with R17 and R18, and together with the atoms to which they are 
bonded, form an unsubstituted or substituted phenyiene ring, and R,8 and R20, together with 
R21 and R22. and together with the atoms to which they are bonded, form an unsubstituted or 
substituted phenyiene ring; and 

L and Z are as defined above; 

with the proviso that in cases in which R15 and R18 do not form an unsubstituted or 
substituted quinoiyiene or pyridylene ring system. Ris and R,6, instead of being hydrogen or 
an organic radical, can also together fonm unsubstituted or substituted alkylene, which forms 
a ring together with the nitrogen atom. 

12. A process according to claim 1 1 , wherein there is used as palladium catalyst a 
compound of fomiuia (8) or (1 0). 

13. A process according to dalm 1 1 , wherein there is used as palladium catalyst a 
compound of fomiula (10). 

14. A process according to any one of claims 1 to 13, wherein, subsequent to the 
preparation of the compound of formula (4), the radicals Ya and Y4 are converted into the 
radicals Y, and Ya where Y, and Ya are hydrogen, and, when X, is hydrogen or an organic 
radical, X, is converted Into a cation. 

15. A compound of fonrjula 




wherein the two R* radicals have Identical or different meanings and are hydrogen, 
unsubstituted or phenyl-substituted C,-Cealkyl or unsubstituted or substituted phenyl 
wherein the two R' radicals together form a CrCealkylene radical. 
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16. A compound according to claim 15, wherein the two R' radicals have identical or 
different meanings and are hydrogen, benzyl or Ci-C4alkyl, or the two R' radicals together 
form a CrCaall^ylene radical. 

17. A compound of formuia 

^c^ 

wherein R7 and Ra are each independently of the other hydrogen, unsubstltuted or phenyi- 

substituted CrC8ali<yl, or phenyl, and 

Xi is unsubstituted or phenyi-substituted Ci-Caalkyl. 
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